The differential effects of task and response conflict in priming paradigms where associations are strengthened between a stimulus, a task, and a response have been demonstrated in recent years with neuroimaging methods. However, such effects are not easily disentangled with only measurements of behavior, such as reaction times (RTs). Here, we report the application of ex-Gaussian distribution analysis on task-switching RT data and show that conflict related to stimulus-response associations retrieved after a switch of tasks is reflected in the Gaussian component. By contrast, conflict related to the retrieval of stimulus-task associations is reflected in the exponential component. Our data confirm that the retrieval of stimulus-task and -response associations affects behavior differently. Ex-Gaussian distribution analysis is a useful tool for pulling apart these different levels of associative priming that are not distinguishable in analyses of RT means.
It has been widely demonstrated that humans have the ability to create associations between a stimulus and what they do to manipulate it. Typically, such associations result in more economical behavior, where our response to a stimulus is faster when we have previously performed the same action toward it (a phenomenon known as the priming effect), whereas performing a new action impedes responses. This ability to quickly learn and economize on top-down processes by automatizing behavior toward stimuli in the environment is the basis of fast and efficient reactive processing, a significant part of human behavior. This priming effect has been studied widely both behaviorally and at the neural level.
However, it has been argued that, in typical priming paradigms, a stimulus is associated with not only a specific motor code (response) but also with the specific task in which it is presented (Koch & Allport, 2006; Waszak & Hommel, 2007; Waszak, Hommel, & Allport, 2003; Wylie & Allport, 2000) . These two types of associations can be contributing different types of interference and/or facilitation to behavior, as well as brain activation. Several studies using behavioral methods but also neuroimaging and electrophysiology have attempted to disentangle the role of task and response associations in priming. A recent functional magnetic resonance imaging (fMRI) study showed that task and response learning result in repetition suppression (the neural manifestation of priming where activation of relevant brain regions is reduced after repetition) in different parts of the lateral frontal cortex (Race, Shanker, & Wagner, 2009) . In this experiment, presentation of novel stimuli was mixed with conditions in which (1) a stimulus was repeated in the same task and required the same response as its first presentation (within-task with response repetition), (2) a stimulus was repeated in a different task but required the same response (across-task with response repetition), and (3) a stimulus was repeated in a new task and a different response was required (across task with response switch). Repetition of a decision (or task) caused suppression in mid-and postventrolateral prefrontal cortex (VLPFC; pars triangularis & opercularis) independent of response associations, whereas response repetition suppressed recruitment of the premotor/post-VLPFC and presupplementary motor area (pre-SMA) regardless of whether stimulus-task mappings were repeated. With the same paradigm but using event-related potentials (ERPs) and spectral electroencephalogram (EEG) analyses Race, Badre, and Wagner (2010) showed experiencedependent cortical modulation at stimulus, stimulus-task, and stimulus-response levels of representation. The behavioral data from these studies showed that, although repetition of a stimulus and its previously associated task facilitates reaction time (RT), repeating the response also speeds up RTs. Negative priming was also observed in these studies (i.e., the conflict caused when a different task/response is required on previously primed stimuli) driven by response conflict. In the fMRI study (Race et al., 2009) , increases in left dorsal premotor cortex were found when responses to a stimulus where incongruent to its previously associated response, regardless of whether the task was held constant across the prime and probe phase. Under this condition, participants were also less accurate than in other conditions and slower to respond than when the response was congruent. Further evidence for response conflict was provided by the EEG study (Race et al., 2010) , where incongruent responses caused an increase in ERP amplitudes over the frontocentral electrodes approximately 250 ms before responses were made and reductions in the same electrodes after responses were executed. Taken together, these findings suggest that the processes or processing streams responsible for associations between stimuli and the task they appear in may be different from those responsible for associations between stimuli and the motor code used to respond to them. However, it is not possible from the behavioral findings of those studies to dissociate the effects of task and response as the repetition/switch of task and response was not orthogonally manipulated. In particular, there was not a condition where the task was kept constant but the response to the stimulus was switched. In addition, the comparisons of mean RTs in each of the conditions do not allow for the investigation of the possible different behavioral outputs that processing of each type of association may produce.
We addressed this question in an experiment where the effects of stimulus-task and stimulus-response associations were investigated within different components of the RT distribution. Using a task-switching paradigm, conflict (rather than facilitation) caused by task associations and conflict created by motor responses were manipulated (note that, although we use the term conflict as most of the effects investigated are produced by conflict, we also investigate some facilitation effects). Similar paradigms have been previously used to study these different types of conflict behaviorally (Koch & Allport, 2006; Waszak & Hommel, 2007) . However, it is important to note that, in our study, RTs were fitted in theoretical distributions in an effort to dissociate components of the RT distribution that reflect each type of conflict. This analysis offered the potential to investigate effects derived from task-and response-related conflict independently. Recent studies suggest that task and response conflict can be dissociated through the use of distribution fitting of RT. Fitting RT to the ex-Gaussian distribution in particular has been shown to be a reliable analysis method to detect differences between conditions that descriptive statistics were not sufficient to detect (Luce, 1986) , thus picking up information regarding the different cognitive processes that preceded the behavior.
The ex-Gaussian distribution has been widely found to be a good fit for, and has often been used to summarize, RT data, and it has also been used to evaluate cognitive models (Heathcote, 1991; Hockley, 1982 Hockley, , 1984 Ratcliff, 1978; Ratcliff & Murdock, 1976) . Its shape and parameters result from a convolution of an exponential distribution and a Gaussian-shaped distribution. Three parameters compose it: (the mean of the Gaussian component), (its standard deviation), and (the exponential parameter). The leading edge of the distribution is therefore reflected in , whereas the skewness and thickness of the tail are better reflected in the parameter. Therefore, shorter and longer RTs may be characterized best in the respective parameters. It has been suggested that the ex-Gaussian distribution is a product of multiple sequential processes. Each process produces a distribution that is either exponentially or normally shaped. Therefore, ex-Gaussian analysis is appropriate for RTs that are hypothesized to result from a combination of processes (Lacouture, 2008) , just as task and response interference might be. The probability density function of the ex-Gaussian distribution is as follows:
The sum of the two main parameters yields the mean of the total distribution, whereas its variance can be calculated by adding the squares of the standard deviations of the two parameters ( 2 ϩ 2 ). Although different interpretations have been given concerning the cognitive processes that may underlie the different parameters of the ex-Gaussian distribution (specifically, and ), there have been studies that support the initial suggestion by Hohle (1965) that decision processes are reflected by and that motor processes are reflected by . In particular, ex-Gaussian distribution analysis has been applied in studies on the Stroop task (Heathcote, 1991; Spieler, Balota, & Faust, 1996; Steinhauser & Hübner, 2009) . For example, Steinhauser and Hübner (2009) showed that manipulating response congruency in the Stroop paradigm modulates the Gaussian component, whereas manipulating the bivalency of the stimuli (i.e., whether they are associated with one task or both) mostly influences the exponential parameter. Even considering alternative processes for those parameters, they generally all fall under two categories: Higher order processes are associated with , and lower order ones are associated with (Matzke & Wagenmakers, 2009 ).
On the basis of these findings and mainly inspired by the study of Steinhauser and Hübner (2009) , we used ex-Gaussian distribution analysis to disentangle response-and task-related conflict in an across-task associative priming paradigm (see Koch & Allport, 2006; Waszak, 2010; Waszak & Hommel, 2007) . In particular, participants in this study switched between two semantic judgment tasks (classifying line drawings according to their size or animacy) every two trials. The experiment assessed priming across tasks; that is, from the animacy task (prime task) to the size task (probe task; cf. Waszak, 2010; Waszak & Hommel, 2007 ). In the size task, participants were presented with across-task primed items (i.e., items that appeared in the animacy task some trials earlier) as well as across-task unprimed items (i.e., items that had not appeared in the animacy task). It has been assumed that, during an action event (e.g., when a given item is presented in the prime task), associations are formed not only between the stimulus and the response but also between the stimulus and the task set (Horner & Henson, 2008 Race et al., 2009 Race et al., , 2010 Waszak & Hommel, 2007; Waszak et al., 2003) . Both these types of memory trace influence behavior when the same item is presented again in the probe task. The present study attempts to disentangle the behavioral effect of these two types of trace by means of exGaussian distribution analysis.
As in former studies (e.g., Waszak, 2010) , we used line drawings of large and small objects and animals. Participants were required to classify the line drawings as large/small, or as living/ nonliving, using left and right key presses and switching between the tasks every two trials (AABB). Of note, half of the items appeared first in the prime task (animacy), and then were repeated in the probe task (size task). The other half of the items were not presented in the prime task but exclusively in the probe task (across-task unprimed). Thus, one factor of our design was whether a given probe task item previously appeared in the prime task; that is, whether it triggered retrieval of stimulus-task and stimulus-response associations compiled in the prime task (acrosstask priming).
The stimuli we used mapped to either the same or different responses in the two tasks. For example, if living and small mapped to a right key press and nonliving and large mapped to a left key press, then the line drawing of a mouse would give rise to the same response in both tasks (it would be response congruent), whereas the line drawing of a cow would give rise to different responses in the two tasks (the item would be response incongruent). The second factor of our design was, thus, whether an item was response congruent or incongruent. Note that the factor response congruency was independent of the factor across-task priming. A mouse presented in the probe task would be response congruent (for the stimulus-response mapping described earlier) regardless of whether it previously appeared in the prime task. The only difference between across-task primed and across-task unprimed items was that primed items had actually been processed in the other task, resulting in stimulus-task and (congruent or incongruent) stimulus-response performance and learning, whereas unprimed stimuli had not been previously shown within a block and therefore were not associated with the other task and a response had not previously been made to them. Our analysis focused on the following four conditions in the probe task that result from this orthogonal manipulation of across-task priming and response congruency: Across-task primed and responsecongruent, across-task primed and response-incongruent, acrosstask unprimed and response-congruent, across-task unprimed and response-incongruent.
The reasoning of our study is based on two notions. First, as outlined earlier, the retrieval of stimulus-response and stimulustask associations influences different parameters of the exGaussian distribution. Second, the influence of response and task associations yields different patterns of results in their respective parameters. More precisely, the parameter we expected would be affected by response associations. Here the effect of across-task priming should depend on the response congruency of the item. The retrieval of the stimulus-response associations learned in the prime task was expected to facilitate responses in the probe task when they were congruent to the required response. As a consequence, a response-congruent across-task primed item should result in faster RTs than a congruent across-task unprimed item. On the other hand, the retrieval of stimulus-response associations previously learned in the prime task was expected to impede responses in the probe task when they were incongruent to the required response, a cost manifesting the retrieval of the wrong response. Hence, a response-incongruent item that was across-task primed should result in slower RTs than an incongruent item that was across-task unprimed. As concerns (isolating the effect of the response retrieval), we thus expected to find an interaction between across-task priming (across-task primed vs. across-task unprimed) and response congruency (congruent vs. incongruent). The same pattern of results was expected in the parameter. As mentioned earlier, this parameter indicates the standard deviation of the Gaussian component of the distribution. Therefore, it was likely that the analysis would reveal a pattern of results very similar to that in ; that is, the variance would increase for larger values of .
In contrast, the parameter was expected to reflect the influence of the retrieval of the task associated to the item in the prime task. Retrieving the prime task during the probe trials should impede performance, compared with items that had not been previously presented in the prime task. It is important to note that, contrary to the response association (which could have been either congruent or incongruent), all across-task primed items were associated to the "wrong" task. As a consequence, an across-task primed item should result in slower RTs than an across-task unprimed item independent of the response congruency of the item. Hence, as concerns (isolating the effect of the task retrieval), we expected to find a main effect of across-task priming, with across-task primed items being slower than across-task unprimed.
Note that, in most comparisons (apart from the facilitation expected in the parameter for congruent items where across-task primed items were expected to cause faster responses than acrosstask unprimed), all expected effects were conflict effects. This means that across-task primed items would impede responses compared with across-task unprimed (i.e., a negative priming effect). This type of effect should not be confused with the classical priming effect where primed items cause faster responses than unprimed items.
Method Participants and Stimuli
Forty-six volunteers (mean age ϭ 21.9, SD ϭ 3.3) took part in the study. The stimuli consisted of 72 black line drawings taken from the Snodgrass-Vanderwart Set of Standardized Pictures (Snodgrass & Vanderwart, 1980) and presented against a white background. These depicted either objects (36) or animals (36). Half of the drawings in each category were small animals or objects (not in visual size but in real life), and the other half were large animals or objects, such that there were four item categories of 18 items each: small/living, small/nonliving, large/living, and large/nonliving. Each category of items was divided in half (items were assigned to each category randomly for each participant) and made up the drawings that would later be across-task primed or across-task unprimed such that there were 36 items in each priming condition (9 small/living, 9 small/non living, etc.). Across-task primed items were presented in both tasks, whereas across-task unprimed items only appeared in the size task. All stimuli were presented to the participants at the center of the screen with a 4°v isual angle on both dimensions.
Design
Participants performed either the animacy task (whether the drawing depicted a living or a nonliving item) or the size task (whether the object/animal was large or small) by pressing a left or a right key. Two trials of each task were consecutively presented in an AABB order. As such, task switching was required every two trials, and within a set of two trials there were two trial types: a task-switch trial (i.e., the first trial in the set where a different task was performed in the trial preceding it) and a task-repeat trial (i.e., the second trial in every set).
In total, the experiment consisted of 10 blocks (72 trials each). As participants switched between tasks every two trials, on 36 trials they performed the animacy task and on the other half they performed the size task. In the animacy task, only stimuli of the across-task primed item set were presented (in a random order). Eighteen of these across-task primed items (randomly selected) were represented again in the size task (the task of interest for the analysis). The lag between the appearance of these items as primes in the animacy task and their repetition as probes in the size task was manipulated to span from 9 to 11 trials. The other 18 items of the size task within a block were across-task unprimed items (randomly selected from the lot of 36 across-task unprimed items). Each two-trial run of the size task consisted of one randomly assigned primed and one unprimed item (see Figure 1 for design) .
Hence, in each block of the experiment, 18 (9 responsecongruent, 9 response-incongruent) across-task unprimed items were presented once in the size task. Moreover, in each block, 18 (9 response-congruent, 9 response-incongruent) across-task primed items were presented twice, once in the animacy task and, with a lag of 9 -11 trials, once again in the size task. With this design, there were thus equal numbers of the four types of items (across-task primed/response congruent, across-task primed/ response incongruent, across-task unprimed/response congruent, across-task unprimed/response incongruent) in the size task, which was the task where effects were measured.
Also, across the blocks, all items (across-task primed as well as across-task unprimed) were presented equally often in the size task, and the mean lag between the presentation of an item in the size task of one block and the next presentation of the same item in the size task of the next block was the same for all items. Hence, concerning the size task, across-task primed and unprimed items were strictly identical. The only difference between these two types of items was that, within a block, primed items were previously presented in the prime task. Any difference between acrosstask primed and unprimed items must, therefore, be due to the memory traces compiled during these priming trials.
As said before, half of the items were congruent stimuli (mapping to the same response in both presentations), and half of the items were incongruent stimuli (mapping to different responses). The mapping of the size task was counterbalanced across participants, and the mapping of the animacy task was kept constant. We did so, as this resulted in the congruency of the items to also be counterbalanced (for half the participants, a given item is congruent; and for the other half, it is incongruent).
Procedure
Participants were familiarized with the mappings they would be using during the experiment. In each trial, either the word VI-VANT or the word NONVIVANT (the words for animate and inanimate, respectively, in French) appeared on the bottom of a central square that was, throughout the whole experiment, visible on the screen and within which the stimuli appeared. Alternatively, the instruction for the size task appeared on the top of the square (GRAND and PETIT, the words for large and small, respectively, in French). Before commencing the experiment, participants were told that, in the size task, they should classify objects and animals according to their real-life size (the stimuli used were such that their size could be clearly categorized as small or large; e.g., a frog would be small and a plane would be large). The task cue appeared 1,500 ms before the stimulus and stayed on the screen for the two consecutive trials of a task (note that the appearance of the cue well before stimulus presentation provided enough time for participants to prepare for the upcoming task). Stimuli were presented until a response was made (see Figure 1) . After the response to the second trial of the set, the cue changed to present the new task instruction. In cases of errors, a feedback sound (a beep) was delivered after the response.
Data Analysis
For the conventional RT analysis, as well as for the ex-Gaussian distribution analysis, erroneous trials were excluded. In addition, the data were filtered such that responses faster than 200 ms and those that were more than 4 standard deviations above the mean RT in each condition (across-task primed/response congruent, across-task primed/response incongruent, across-task unprimed/ response congruent, and across-task unprimed/response incongruent in the size task) at the individual participant level were removed. Cycles of this process were performed until all outliers were removed (Schmiedek, Oberauer, Wilhelm, Süss, & Wittmann, 2007) , resulting in 2.7% of trials being excluded in total (note that, for the first reported analysis where only the second half of the experiment was analyzed, 2.2% of trials were removed). The ex-Gaussian analysis was conducted with MATLAB, adapted from the published scripts of Lacouture (2008) .
In this data set, we were looking for the effects of priming under conditions of task-switching as described earlier. To this end, Figure 1 . An illustration of two miniblocks of the experiment, one of each task (i.e., the animacy and size tasks). Participants switched tasks every two trials. Across-task primed items were presented in the size task after an average of 9 -11 trials had passed since they were presented in the animacy task. In this example, across-task priming is illustrated where the picture of the airplane is shown in the animacy task, and then it is presented again in the size task. Responses in the size task were either congruent or incongruent to the response they would require for the animacy task. The instruction screen was presented for 1,500 ms, after which stimuli appeared until a response was made.
initially we looked for effects in the latter part of the experiment, where associations between stimuli and responses/tasks would have built up with repetition of the stimuli and cause maximal interference. However, to demonstrate our effects with a larger number of trials, and therefore more power, we also performed an analysis including the entire data set. We expected that if any differences were detected, effects in would be more prominent in the latter part of the experiment, whereas and effects where expected to be found in the analysis of the entire data set as well (see Waszak, 2010) .
Results

Analysis of Error Rates and Mean RTs
Accuracy was high in both tasks. In the animacy task, it reached a mean of 97.2% (SD ϭ 2.6%), whereas in the size task, the mean was 96% (SD ϭ 4.3%), with participants being significantly more accurate in the animacy task, t(45) ϭ 2.53, p Ͻ .05. Error percentages were subjected to analysis for completion. In the animacy task, participants were more accurate for congruent items than incongruent items, t (45) Further t tests showed that the priming effect was driven by a priming effect in the incongruent condition, where participants made more errors when presented with primed incongruent items than they did when presented with unprimed incongruent items, t(45) ϭ 4.18, p Ͻ .001; a difference that was not found for congruent items.
It has been previously shown that, in this type of paradigm, the effect that priming has on RTs does not change depending on whether the task in the current trial is the same or different from the one in the preceding trial (Waszak, 2010) . Specifically, in the AABB design used in the present study, in each set of two trials (e.g., BB) the same task is performed but the first trial requires a task switch because the trial preceding it was an A, whereas the second one is a task repeat. If across-task priming effects, however, do not differ between those two types of trials, an analysis collapsing across switch and repeat trials is warranted.
For the ex-Gaussian analysis, it was important to not break down the data by many factors to maintain the required power.
Therefore, we applied an analysis of variance (ANOVA) to the mean RTs of the size task (i.e., the probe task that would be used for the main analysis) including the factors of priming and trial type (i.e., whether on a given trial the task had switched or was repeated) to investigate whether there were any differences on the priming effects depending on the trial type. As expected, participants responded faster during a repeat trial (856.93 ms) than during a switch (944.38 ms); main effect of trial type, F(1, 45) ϭ 26.19, p Ͻ .001. Although there was an overall effect of priming, F(1, 45) ϭ 29.12, p Ͻ .001; this did not differ between switch and repeat trials. Identical priming effects in switch and repeat trials when participants switch tasks every two trials corresponds to the pattern observed by Waszak (2010) . Therefore, in the ex-Gaussian analyses described later, we collapsed across switch and repeat trials.
Analysis of Ex-Gaussian Parameters
As mentioned earlier, the second part of the experiment was analyzed first, as this was where the largest effects from the automatic retrieval of associations were expected. However, as we show later, the pattern of results is identical, even if the whole experiment is analyzed. Repeated-measures ANOVAs were conducted with the factors of priming and congruency for each parameter of the ex-Gaussian distribution (for mean values of the three parameters in each condition, see Table 1 ). For the parameter, there was a main effect of congruency, F(1, 45) ϭ 11.3, p Ͻ .005; as well as a significant interaction of priming and congruency, F(1, 45) ϭ 4.2, p Ͻ .05. Paired-samples t tests (one-tailed, as we had a previous hypothesis as to the direction of the effects) showed that there was a significant priming conflict for incongruent items, with slower responses for primed incongruent than for unprimed incongruent items, t(45) ϭ 1.72, p Ͻ .05. For congruent items, by contrast, although the difference was not significant, t(45) ϭ 1.18, p ϭ .12; responses were faster when the stimuli had been previously primed (492.8 ms) than when they had not been (503.1 ms). Similarly, for , the repeated-measures ANOVA showed a main effect of congruency, F(1, 45) ϭ 6.6, p Ͻ .05; as well as an interaction of priming and congruency, F(1, 45) ϭ 6.77, p Ͻ .05. The paired-samples t tests further revealed larger values for primed incongruent items than for unprimed incongruent trials, t(45) ϭ 2.28, p Ͻ .05 (one-tailed); and a nearly significant reverse pattern for congruent items, t(45) ϭ 1.63, p ϭ .055 (one-tailed).
Contrary to and , showed main effects of priming, F(1, 45) ϭ 13.07, p ϭ .001; and congruency, F(1, 45) ϭ 5.41, p Ͻ .05; Note. Rows with a subscript a show , , and values for the analysis of the second part of the experiment. Rows with a subscript b show , , and values representing averages from the entire data set. A-T ϭ across task; C ϭ congruent; I ϭ incongruent.
but these did not interact. Paired-samples t tests showed priming effects (primed slower than unprimed) for both congruent items, t(45) ϭ 2.24, p Ͻ .05 (one-tailed); and incongruent items, t(45) ϭ 2.07, p Ͻ .05 (one-tailed). Figure 2A displays the priming effects for each of the three parameters. The effects were very similar for the parameter when all the blocks were included in the analysis (see Table 1 and Figure 2B ). The repeated-measures ANOVA showed an interaction of priming and congruency, F(1, 45) ϭ 5.88, p Ͻ .05; and a main effect of congruency, F(1, 45) ϭ 32.14, p Ͻ .001. The paired-samples t tests showed the same priming effect for incongruent items, t(45) ϭ 2.02, p Ͻ .05; as that in the previous analysis. However, this time, the reverse priming effect for congruent items (with primed stimuli causing faster responses than unprimed stimuli), which also already showed up in the first analysis but was not yet significant, now reached significance, t(45) ϭ 1.71, p Ͻ .05. For again, the results were similar to the effects of . There was a significant interaction of priming and congruency, F(1, 45) ϭ 9.36, p Ͻ .005; and a main effect of congruency, F(1, 45) ϭ 18.19, p Ͻ .001. There was also a significant priming effect for incongruent items, t(45) ϭ 3.03, p Ͻ .005. For , there was a main effect of priming, F(1, 45) ϭ 17.33, p Ͻ .001; with primed items causing faster responses than unprimed. The t tests again showed significant priming effects for both congruent items, t(45) ϭ 1.79, p Ͻ .05; and incongruent items, t(45) ϭ 3.13, p Ͻ .005.
Discussion
This experiment aimed at distinguishing the effects of response and task conflicts induced by the retrieval of stimulus-response and stimulus-task memory traces previously compiled in a different task. We predicted that the exponential component of the RT distribution is associated with task conflict, whereas the Gaussian parameters reflect response-related interference and, therefore, that such conflicts can be found to be dissociable, using only RTs. Specifically, we predicted that, concerning response-congruent items, would show a facilitation for across-task primed items compared with across-task unprimed items. Concerning responseincongruent items, by contrast, we predicted to find slower responses for across-task primed items compared with across-task unprimed items. This pattern of results would reflect the fact that the retrieved response either facilitates or interferes with the currently correct response. Conversely, in , effects of task-set retrieval were expected such that, compared with across-task unprimed items, all across-task primed items (regardless of whether they were response-congruent or -incongruent) would cause slower responses in the size task. The results fully supported the hypotheses, demonstrating for the first time that the effects of the retrieval of stimulus-task and stimulus-response associations can be dissociated behaviorally.
In particular, our analysis of the distribution parameters shows an interaction of congruency and priming only in the parameter but not in . This interaction was driven by the fact that, in , there were differences in RT between congruent and incongruent items. The retrieval of a stimulus-response association acquired across tasks interfered with current processing when different responses were required in the prime and the probe task (incongruent), whereas it facilitated current processing when the same response was required in both tasks. This pattern of results shows that stimulus-response associations can interfere with/facilitate processing of the same item independent of task processing.
Conversely, in the exponential parameter, only effects of taskset retrieval were found. RTs were impeded by items that had been previously primed in a different task. This was true equally for response-congruent and -incongruent items. These findings show that the task conflict caused by responding to stimuli that were previously associated with another task can impede responses independent of response conflict, as congruency did not interact with priming. Taken together, our results thus show that stimulustask and stimulus-response associations exist relatively independent of each other and that their effects on behavior can be dissociated with ex-Gaussian distribution analysis.
The two analyses (i.e., the one of the second half of the experiment vs. the one including the entire data set) did not reveal any differences in the effects of interest, suggesting that the effects of stimulus-response and stimulus-task associations did not differ in strength much during the experiment. However, the facilitatory effect of congruent items in the parameter in the analysis of the entire experiment and its lack of significance in the analysis of only the second part may indicate the fast buildup of stimulusresponse associations and also their fast decay over time. It has been previously shown that stimulus-response associations are formed faster than stimulus-task associations (Waszak, 2010) . However, it was not possible within the present study to investigate these effects in detail. Further research is required with ex-Gaussian analysis aimed specifically at investigating the buildup of stimulus-response and stimulus-task associations across time and their possible decay.
The two analyses revealed very similar results concerning the exponential parameter. In both analyses, priming and congruency did not interact. Although congruency of the motor responses did have an effect in the second part of the experiment, it was the same for both across-task primed and unprimed items. This lack of a differential effect in the two priming conditions shows that, beyond any differences in response congruency, this parameter manifests the effect of conflict associated to the retrieval of the wrong task.
In both analyses, the pattern of results for the parameter followed a pattern similar to that found for . This was not a surprising result. Although this parameter can potentially provide additional information concerning the shifts in variance in the different conditions, in this study it did not add to the results or Figure 2 . Across-task priming effects (primed and unprimed) for response-congruent (black) and response-incongruent (gray) items and their standard errors for the Gaussian (, ) and exponential () components in (A) the analysis of the second half of the experiment and (B) the analysis of the entire data set. All t tests were one-tailed.
‫ء‬ p Ͻ .05. their interpretation. It was simply shown that the variance increased with increasing values of and reduced for lower values of . This finding confirms that larger means of were associated with larger variance. Although the application of the ex-Gaussian distribution analysis is widely accepted as a way of describing RTs because of its good fit, there has been considerable controversy as to whether its differential outcomes for the two main parameters can be explained theoretically (Hohle, 1965; Luce, 1986; Matzke & Wagenmakers, 2009 ). However, a substantial amount of studies have demonstrated that this is possible (Gordon & Carson, 1990; Kieffaber et al., 2006; Schmiedek et al., 2007; Steinhauser & Hübner, 2009 ). The results presented here provide support for the manifestation of differential processing in the components of the exGaussian distribution, as well as the claim that, during priming, stimuli are associated to both the task in which they are presented and the action that is performed as a response toward them (Koch & Allport, 2006; Race et al., 2009; Race et al., 2010; Waszak & Hommel, 2007; Waszak et al., 2003; Wylie & Allport, 2000) .
In the parameter, clear distinctions were made depending on the response congruency of the stimuli. This is in line with suggestions that this parameter reflects sensory-motor related processing (Hohle, 1965; Steinhauser & Hübner, 2009) . Conversely, switching the task associated with the stimuli was the factor that mainly modulated , a modulation that relates to higher order control processing. Other studies have supported reflection of such processes in (Schmiedek et al., 2007; Spieler et al., 2000; Steinhauser & Hübner, 2009) . A recent study used ex-Gaussian distribution in a variety of choice reaction tasks and found that is a good predictor of working memory, reasoning and psychometric speed (Schmiedek et al., 2007) . Here we show that memory retrieval-inflicted conflict affects different parts of the RT distribution, depending on whether it is derived from task or motorresponse related processing.
Our data thus support the idea that different types of retrieval conflict are reflected in different components of the ex-Gaussian distribution, but what is the reason for this dissociation? A tentative answer to this question might draw on the notion that the ex-Gaussian analysis has been assumed to necessitate that the exponential and the Gaussian RT components reflect two additive processing stages (Luce, 1986) . Hence, one might assume that the retrieval of stimulus-task and stimulus-response associations take effect on different moments during processing, with the former being exponentially distributed and the latter being Gaussian distributed. Although the ex-Gaussian analysis distribution does not imply a certain order of stages, it is likely that task conflict emerges at an earlier stage as it is exponentially distributed, whereas the Gaussian response conflict occurs later. However, the study by Steinhauser and Hübner (2009) showed the opposite pattern. They investigated whether, in their Stroop paradigm, the variables of bivalency and response congruency selectively affected slow or fast responses. Bivalency was measured as the cost of presenting stimuli that had a valid response on both tasks (i.e., both the color of the font and the color spelled by the word mapped on to a response) or only on one task (i.e., the irrelevant dimension at a given trial represented a color that was not used in the task). Response congruency referred to whether the two responses for each of the two tasks that the bivalent stimuli afforded were congruent. They found that, although both types of conflict increased with increasing RTs, the bivalency cost had a very large effect in the slowest RTs. In other words, task conflict was mainly present in the long RTs. The study of Race et al. (2010) that investigated the effects of decision and response repetition provides support for this order of processing during memory retrieval of task and response associations as well. Race et al. showed that response repetition reduced ERPs around 450 ms after the onset of the stimulus, whereas decision repetition increased positivity of the P600. This might be due to responses creating stronger associations than decisions and therefore affecting ERPs earlier. After all, direct stimulus-response associations are considered to be the basis for the most automatic aspects of human behavior. Stimulus-task associations might be comparatively slow, at least with the same amount of practice.
However, it has also been shown that different patterns for exponential and Gaussian components can emerge without the assumption of additive processes (Spieler et al., 2000) . The findings of Steinhauser and Hübner (2009) summarized earlier can also be explained without assuming additive processes. For example, as Steinhauser and Hübner pointed out, slow responses could be associated with increased task conflict because slow responses emerge particularly when preparation is insufficient or fails, which, in turn, increases task conflict. Further research is required to determine whether the processes reflected by the two parameters are additive.
The notion that stimulus-response and stimulus-task associations intervene on different moments in time fits nicely to a recent model, developed by Ashby, Ennis, and Spiering (2007) , of how categorization judgments become automatic. The model includes two neural pathways, or learning systems, connecting sensory to motor areas. The first is a rather slow path that projects to motor areas by means of the striatum, globus pallidus, and thalamus. The second is a fast, purely cortical path that projects directly to motor areas. On both pathways, learning takes place, strengthening the connection between sensory input and motor output. However, whereas the subcortical path is influenced by a dopamine-mediated learning signal from the substantia nigra, and thus is of great neural plasticity, the fast corticocortical path, by contrast, learns more slowly by means of (dopamine-independent) Hebbian learning. Thus, the development of categorization automaticity is a gradual process through which control is passed from the subcortical learning systems to direct corticocortical connections. It is tempting to speculate that the different effects on and reported here reveal the influence of memory traces compiled in these two systems, respectively, with the Gaussian parameter reflecting corticocortical connections and the exponential parameter reflecting subcortical connections. Research on the two procedural learning systems is difficult without behavioral markers of the different types of memory trace. The present study makes such markers available and, therefore, renders systematic research possible on how the interplay between cortical and subcortical learning systems allows newly learned tasks to transform into highly automatized tasks.
In conclusion, we used a task-switching paradigm where items that were previously primed across task and items that were only primed within task (across-task unprimed) were presented and measured the effects of task and response change on RTs. Using ex-Gaussian analysis, we showed that dissociable patterns in the RT distribution emerge that are related differentially to retrieval of stimulus-response and stimulus-task associations. This finding is very informative in the study of learning, not only because we show that the effects on behavior of retrieving these two types of associations can be studied relatively independently by simply measuring RTs but also because it provides a means through which these behavioral dissociations can be associated to neural processing in the future.
